Background
The time immediately following a general anaesthetic is a critical period for patient recovery, requiring intensive observation to enable early detection of complications from surgery. Since its introduction in 1923, the Post Anaesthesia Care Unit (PACU) is the preferred location for the immediate recovery of the postoperative patient. 1 A patient"s length of stay in the PACU is dependent upon a number of factors, including preoperative health status, surgical procedure, type of anaesthetic and the stability of vital signs. It has been common practice for PACU discharge policies to stipulate a minimum length of stay, with a patient"s readiness for discharge traditionally relying upon nursing assessment of normality and stability of physiological parameters.
A patient"s condition can deteriorate quickly and much work has been carried out to develop tools to assist the identification of deteriorating vital signs. Utilisation of such tools have been associated with a reduction in adverse events in ward-based patients. 2 Since the advent of day procedure surgical units there has been an increasing trend towards the use of similar objective scoring systems to aid decision-making and quantify patient readiness for discharge from PACU.
In 1970 Aldrete 3 was the first to propose a scoring method to evaluate patient readiness for discharge from the immediate post-operative recovery area. Aldrete asserted that a method of patient evaluation should be simple to implement, easy to memorise, have a low burden on PACU staff and be applicable to patients in all post-operative situations.
Aldrete developed a scoring system that incorporated assessment of activity, respiration, 1 The impetus for this systematic review has been concern about anecdotal reports of a growing number of patient safety issues relating to post-anaesthetic care at different metropolitan hospitals. 9 Reporting of adverse events is mandatory for all Australian hospitals; however, the indicators of patient safety which are collated do not allow the incidence of events relating to post-anaesthetic care to be determined. Substantial research attention is now being given to generating and synthesising findings in ways that are designed to have immediate applicability to healthcare practitioners. [10] [11] [12] Guidelines for the management of patients in the PACU and assessing their readiness for discharge have been implemented internationally. For example, the Association of Anaesthetists of Great Britain and Ireland 13 have developed recommended discharge criteria and the Australian and New Zealand College of Anaesthetists 14 also have recommendations for post-anaesthetic care. In the UK, the Scottish Intercollegiate Guidelines Network provide brief guidelines on post-operative patient assessment prior to discharge from PACU; however these guidelines are not supported by evidence of effectiveness.
What are the essential components of an effective and feasible scoring system to assess patients, following anaesthesia and surgery, thereby enhancing patient safety through timely and appropriate discharge?
The aim of this review was to systematically examine the evidence to determine the essential components of an effective discharge PACU scoring system to assess patients following anaesthesia and surgery, thereby enhancing patient safety through timely and appropriate discharge. The review sought to identify current best evidence for the effectiveness and feasibility of components of a scoring system to assess patients following surgery and anaesthesia.
Key objectives
The key objectives to be addressed were:
1. To identify the most commonly used, predetermined PACU discharge criteria, which can be used, predominantly but not exclusively, by nurses to assess patient readiness for discharge from PACU and; 2. To investigate whether some variables have greater effectiveness and feasibility than others in terms of determining readiness for discharge.
The findings of this review will be used to inform the development of a discharge tool that can be later submitted for review by a panel of experts to establish content validity
Inclusion Criteria

Types of participants
The review considered studies that included adult patients (over 18 years of age), male and female, who had received care in the PACU for any type of surgery, planned or unplanned.
Type of interventions
Studies that evaluated variables suitable for assessment of patient readiness for discharge from the PACU were considered for inclusion. Studies were eligible if they evaluated pre-determined discharge criteria (individual or grouped in a discharge tool); for example, measure of vital signs (temperature, respiratory rate, heart rate, blood pressure), capillary oxygen saturation, level of consciousness, blood loss, pain, and existing tools for discharge.
Type of outcomes
The review considered studies that included variables for patient assessment, for example:  vital signs and/ or capillary oxygen saturation  nausea and/ vomiting  pain  medication administration (such as anti-emetics and analgesics)  time spent in PACU  discharge delay from PACU  adverse events related to early discharge from PACU, for example:  complications that may have been avoided
Data Synthesis
Statistical pooling was inappropriate due to the wide range of study methods and outcome measures. The findings were presented in narrative form and general themes identified in the discussion.
Results of the Search
Results of the search
The flowchart below (figure 1) details identification and selection of studies. Appendix III summarises the details of the included studies and Appendix IV lists the studies that were excluded following assessment of the full text article, together with reason for exclusion. The primary reasons retrieved studies were excluded from the review were because the studies did not address the aims of this review, or the research was conducted in a setting other than PACU. Studies that included child populations were also excluded. Papers excluded after evaluation of abstract n= 624
Papers retrieved for detailed examination n=63
Abstracts retrieved for examination n=687
Papers excluded after review of full paper n=52 n= Papers assessed for methodological quality n=11
Papers included in the systematic review n=8
Methodological Quality of Included Studies
The studies represented an international perspective on PACU discharge, with four set in the United States (US), 7, 19- were descriptive observational studies, of moderate to high risk of bias, investigating the use of various PACU discharge assessment tools. These four studies were conducted using convenience samples of PACU patients, the assessment tools used were generally not validated, confounding factors were poorly addressed, and analysis was often limited. Two 20, 21 additional observational studies and a retrospective records analysis 25 investigated the recovery of patients in the PACU and provided data useful for the development of a PACU assessment tool.
Appendix V provides a summary of the variables assessed in each of the studies included in this review. While a range of variables was investigated, the most common variables were pain, conscious state, vital signs and nausea and vomiting.
Results of the Review
Studies investigating tools used to assess discharge readiness from PACU
A total of five studies 7, 19, [22] [23] [24] investigated the use of specific tools to assess the readiness of patients for discharge from the PACU. Each tool contained a pre-determined combination of assessment variables and where provided in the study these tools are presented in the appendices to this review.
A non-blinded RCT 22 conducted in 2004 at a Canadian day surgery facility investigated the time and cost savings of utilising a fast-track score system used in discharging patients directly from the operating theatre to a day surgery unit, thereby bypassing the PACU. Outpatients scheduled for gynaecological laparoscopy, hysteroscopy or arthroscopy who were aged between 18 and 65 years, classified as levels I or II on the American Society of Anaesthesiologists physical status classification system (ASA) and with no history of significant disease or substance abuse were randomised to a fast-track group (n=110) or a routine recovery group (n=97). Randomisation was by computer generated numbers and allocation concealment methods were not reported. The two groups were not significantly different with respect to demographics, mean duration of anaesthetic or surgery, anaesthetic doses, intraoperative fluids or intraoperative or postoperative hypnotic levels. The outcome measures for the trial were nursing hours, financial costs, time to discharge, postoperative and at home nausea and pain, and patient satisfaction.
22
Patients in both groups were assessed on waking in the operating theatre using the fasttrack scoring tool that was of interest to this review (see Appendix VI). Patients in the fasttrack group who met the fast-track criteria within 10 minutes were discharged to the day surgery unit. The routine recovery group were discharged to PACU regardless of meeting the fast-track criteria. There was no significant between-group difference in number of patients meeting the fast track criteria (81% versus 75%). Patients in the routine recovery group were further assessed in PACU using the facility"s standard discharge assessment tool before being discharged to the day surgery unit. Both the fast-track assessment tool and the PACU discharge tool included a scoring system with well-defined criteria for each variable; however, the variables included on each were slightly different. The fast-track tool included assessment of level of consciousness, oxygen saturation and respiratory stability and the PACU discharge included assessment of surgical bleeding.
Patients in the fast-track group had a significantly shorter hospital stay (average time saving 17 mins, p<0.05) compared to the routine recovery group. Using the fast track discharge tool, time to discharge was faster for patients undergoing hysteroscopy (saving of 43 minutes, p<0.05) or arthroscopy (saving of 35 minutes, p<0.05) but there was no statistically significant difference (p=ns, value not reported) in time to discharge for patients undergoing laparoscopy. There was no statistically significant between-group difference in pain or nausea either immediately postoperative or in the 24 hours following discharge. The significant reduction in time to discharge for the fast-track group did not translate to significant savings in nursing time or financial costs.
The results of this trial suggested that using the discharge scoring tool in the operating theatre for the fast-track group was as effective as the PACU discharge assessment tool in identifying readiness for discharge. There was no difference in the number of patients in each group who were able to achieve criteria for discharge on the fast-track scoring system. Increasing the time and surveillance of postoperative day surgery patients through admission to PACU and assessment with the PACU discharge tool was not associated with a reduction in adverse events. There were; however, significant time savings for patients in being assessed within the operating theatre and by-passing PACU.
One descriptive trial 23 conducted in a Canadian university teaching hospital sought to validate an objective post-anaesthetic discharge criteria checklist, the Post-anaesthetic Discharge Scoring System (PADSS), in order to replace the discharge criteria tool being used in an ambulatory surgery unit. The study, conducted in the early 1990s, did not report the recruitment and selection methods of the 247 patients included in the trial. Of the participants, 151 underwent a dilatation and curettage (D&C) short procedure (mean anaesthetic time 20 ± 7 minutes) and the remainder underwent longer minor ambulatory surgical procedures including arthroscopy and laparoscopy (mean anaesthetic time 62 ± 26 minutes). A sample of patients undergoing D&C was used to establish inter-observer and intra-observer reliability of the PADSS, both of which were reported to be high. 23 Patients were assessed using the PADSS tool one hour postoperatively and at 30 minute intervals thereafter by an independent researcher. Participants were also assessed using the tool that was currently being used in the PACU, the Clinical Discharge Criteria (CDC), and the decision to discharge the patient was made independently by PACU staff using the CDC. All patients were followed up with a telephone survey 24 hours following discharge to identify any significant complications. 23 The PADSS tool (see Appendix VII) incorporated five categories: vital signs; activity and mental status; pain, nausea and/or vomiting; surgical bleeding; and intake and output, each of which were scored to determine eligibility for discharge. The CDC required patients to have stable vital signs, be alert and oriented, be free from nausea and vomiting, have a steady gait and have no significant bleeding. Clear definitions of parameters that met these requirements were not included in the study. 23 For patients undergoing D&C there was no statistically significant difference (p=not significant [ns]) in the mean time to meet discharge criteria between the two tools; mean of 115 minutes (range 10 to 210 minutes) using the PADSS criteria compared with a mean of 120 minutes (range 10 to 230 minutes) to meet CDC criteria. Patients undergoing longer surgical procedures met the PADSS criteria after a mean of 125 minutes (range 0 to 385 minutes) and CDC criteria after a mean of 140 minutes (0 to 385 minutes) which was also not a statistically significant difference (p=ns). 23 While this trial showed no significant difference in time to meet discharge criteria following assessment with an objective discharge checklist compared with a non-validated subjective tool, there were however, significant delays between meeting discharge criteria and actual discharge for both groups (p<0.05 for both D&C patients and those undergoing other surgical procedures). The primary reasons for discharge delay were preparing discharge information, organising follow-up appointments and patient factors such as dressing or awaiting escort.
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A 2008 observational study 19 conducted in a large US tertiary care teaching hospital compared the discharge of adult patients, following a general anaesthetic, from the PACU using traditional discharge practice [TDG] or a discharge criteria tool [DCG] . Patients who received a spinal or epidural anaesthetic or who were scheduled for a same day discharge were excluded. All patients admitted to the PACU over the study timeframe who met inclusion criteria were included in the study. In the first phase of the study, patients (TDG, n=631) were discharged by the anaesthetist after an initial alert from nursing staff that the patient was ready. A second cohort of patients admitted to the same PACU was observed in the second phase of the study (DCG, n=567). This group was discharged using a predetermined, nurse-administered discharge screening tool. The groups were comparable for age and gender but comparability for surgical factors (e.g. duration of surgery/anaesthetic) was not reported. Outcome measures were time to readiness for discharge, time to actual discharge, frequency of delay in discharge and frequency of PACU stays exceeding 60 minutes. 19 The discharge criteria checklist used to assess the DCG group, of interest to this review, is shown in Appendix VIII. The checklist included defined outcomes for activity, respiration rate, blood pressure, pulse, oxygen saturation, consciousness/ mental state, pain, urine output, nausea and vomiting and laboratory results. 19 This study reported a significant (p=0.00) 24% reduction in time spent in PACU when nursing staff implemented the discharge criteria checklist. Eighty per cent of patients discharged using the traditional method were delayed in PACU after meeting discharge criteria compared with 42% of the DCG group (p=0.00). The most common reason for discharge delay for both groups was lack of an available bed within the admitting ward (48% TDG versus 45% DCG, p=ns). More patients in the DCG were delayed due to lack of availability of a nurse to transfer the patient (16% vs 3%, p=0.00) which the researchers proposed to be related to the change in work flow patterns arising from the change in discharge policy. More patients in the TDG had a delayed discharge due to multiple reasons (36% vs 25%, p=0.008). There was no significant between-group difference in delays due to radiography investigations, patient pain or other complications. 19 Nurses receiving those patients in the ward following discharge from PACU were surveyed regarding their satisfaction with the patient and the patient"s records. On admission to the ward significantly more patients in the TDG had unstable vital signs (2% vs <1%, p=0.042) and significantly more patients in the DCG had high levels of anxiety (8% vs 4%, p=0.014). The researchers proposed that high anxiety may reflect delays in PACU, whilst the lower level of vital sign instability in the DCG may reflect greater caution of nursing staff in ensuring the patient was ready for discharge. There were no significant difference between the two groups in level of reporting, pain control, experience of nausea and/ or vomiting, excessive bleeding or overall satisfaction of the admitting nurse of the condition of the patient. 19 The recent (2010) observational study by Gartner et al. 24 investigated PACU discharge delay in patients undergoing breast cancer surgery in a facility in Denmark. Patients in the study underwent either mastectomy or breast conserving surgery combined with either sentinel lymph node dissection or axillary lymph node dissection. The discharge assessment tool in use in the PACU was the Danish Society of Anaesthesiology and Intensive Care Medicine (DASAIM). The DASAIM (see Appendix IX) includes assessment of post-anaesthetic nausea and vomiting, pain, sedation levels, oxygen saturation, and vital signs. 24 Over a three month period, the instrument was administered every 15 minutes to 116 consecutive patients admitted to the PACU. Patient ages ranged from 33 to 86 years and 84% were categorised as ASA 1 or 2.
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In this trial the DASAIM criteria for discharge were met on admission to the PACU by 31% of patients. Mean time to meet discharge criteria was 40 minutes (SD 46 minutes) and mean time to discharge from the PACU was 110 minutes (SD 75 minutes). Aside from logistical factors, the primary reason for delayed discharge was inability to meet the discharge criteria of an oxygen saturation of at least 90%. In the sample, 19% of patients failed to meet the DASAIM oxygen saturation discharge criteria and were discharged by anaesthesiologists. 24 There was no correlation between low oxygen saturation levels and administration of injectable Patent Blue (injected intradermally into the breast of patients who underwent sentinel lymph node dissection), a substance reported to be related to falsely low peripheral oxygen saturation levels. 24 In addition, there was no significant difference in oxygen saturation levels between patients who received intraoperative longacting opioids and those who did not. There was no statistically significant relationship (p=ns) between oxygen saturation level and respiration rate on arrival at the PACU.
The researchers proposed that as almost 20% of patients failed to achieve the DASAIM criteria for oxygen saturation level prior to their discharge from PACU, this requirement should be reconsidered on discharge checklists. As adverse events following discharge were not reported in this study, it is uncertain whether discharging patients who have modest low oxygen saturation levels (<90%) with oxygen via nasal prongs would be associated with an increase in postoperative complications. 24 Waddle et al. 7 published findings from an observational study conducted in the PACU of a US tertiary level hospital which compared discharge outcomes in a convenience sample of 340 post-surgical patients. Participants involved in the study were classified as ASA categories II and III, had a mean age of 51 years, mean anaesthetic duration of 118 minutes ± 83 minutes and a mean anaesthetic time 181 minutes ± 96 minutes. 7 The primary outcome measure was actual length of stay in the PACU and predictive factors for delayed discharge including anaesthetic type, surgery type and co-morbidity were also calculated. 7 Patients were excluded from the trial if they were undergoing thoracic, neurosurgery, ophthalmology or ear-nose-throat surgery; were receiving monitored anaesthesia care, if they were admitted to the PACU on a weekend, or when the researcher was already assessing six patients.
The researcher assessed participants at 30-minute intervals to determine "medically appropriate" time for discharge. The criteria used for determining readiness for discharge was not fully reported in the study; however, reasons for delaying discharge included decreased level of consciousness, agitation, a blood pressure not within 20% of preoperative measure, tachycardia (>100bpm), arrhythmias, hypoxia (<90% saturation on air), a pain score above 6 (scale of 0 to 10), emesis, a temperature less than 34°C, oliguria, or endotracheal intubation. Patients were assessed concurrently using the facility"s normal PACU discharge protocol, which required review by an anaesthetist to confirm the patient"s readiness for discharge. The criteria used by the anaesthetist were not reported. 7 The mean length of PACU stay as determined by the anaesthetist"s assessment was 95 ± 43 minutes (median 90 minutes, range 30 to 330 minutes), compared to the mean medically appropriate discharge time of 71 ± 37 minutes (median 60 minutes, range 0 to 240 minutes). More than 20% of patients were classified by the researcher as having a delayed discharge, of which almost 8% were considered to have been delayed in the PACU due to the anaesthetist"s assessment. Other reasons for a discharge delay were related to bed availability, transportation delays, awaiting tests and nursing decisions. Anaesthetic and surgery durations (p=0.0001 for both), anaesthetic technique (e.g. general mask, regional etc) p=0.0004), intraoperative fluid replacement (p=0.0001) and amount of blood loss (p=0.0001) were independent predictive factors of the medically appropriate length of stay in PACU. There was no predictive relationship between age, gender, race, body mass index, ASA category or type of operation and the length of PACU stay considered appropriate. 7 The study 7 findings suggested that implementation of a formal assessment of readiness for discharge may reduce PACU length of stay. However, the results may have been biased by the patient selection criteria and lack of validation of the researcher"s assessment. Selection for inclusion in the trial was less likely during the PACU"s busier time frames (as the observer was already assessing 6 patients). The study 7 findings also showed that blood loss was predictive of a longer PACU stay. Mean length of stay for patients with less than 150 ml blood loss was 64 minutes compared with 82 minutes for patients with more than 500 ml blood loss (p=0.0001). Amount of blood loss could be used as a variable for determining readiness for discharge, although the study did not address the feasibility of such an assessment.
The most common variables included in PACU discharge assessment tools were pain, conscious state, vital signs and nausea and vomiting. All tools used blood pressure as a criterion for assessing discharge readiness; however there was limited consistency on which other vital signs provide an effective indication of discharge readiness and can be feasibly assessed in the PACU. There was consensus on the inclusion of an assessment of pain, nausea and vomiting and conscious level prior to discharge, with different tools varying only slightly in the strategies used to assess these variables.
Studies assessing the relevance of specific variables in terms of determining readiness for discharge from the PACU
A total of three studies 20, 21, 25 addressed the relevance of specific variables in terms of determining readiness for discharge from the PACU.
An observational study 20 conducted in the UK and published in 1990, involving 33 patients who had undergone orthopaedic day surgery, investigated patient recovery following surgery using variables determined by the results of a literature review. Selection of patients and their demographic characteristics were not reported. The assessment tool included 17 variables to be ranked by the patient on a 10-point Likert scale. The variables were designed to assess mental state, educational factors, cognitive performance, mobility, oral intake, and pain. Patient ratings were included for nausea and vomiting, appetite, thirst, alertness, pain, coordination, dizziness, headache, energy levels, temperature, feeling of wellness, interest levels, clarity and speed of thought, excitability, feeling troubled, and happiness. The assessment was administered prior to surgery to establish baseline values, and postoperatively at 30 minute intervals for 2 hours with a final assessment conducted after discharge from hospital. The patient"s location in the postoperative period was not explicitly stated in the report so for the purposes of this review we considered assessments conducted at baseline, 30 minutes and 120 minutes postoperatively. Although the paper reported quantitative outcomes, values for all variables at all timeframes were not reported.
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Prior to surgery the baseline mean value for the two variables assessing mental state, alertness and energy, was 2 on a 10-point Likert scale (zero being optimal). At 30 minutes postoperatively the mean value for both items increased to 6 points. By 120 minutes both had decreased; the mean value for alertness had returned to baseline and the mean value for energy was 4. 20 For cognitive function, which included headache, clarity of thought and speed of thought, at baseline the mean values were low (zero being optimal); 2 out of 10 for both speed and clarity of thought, 9% of patients experienced headache. Thirty minutes postoperatively the mean ranking for both speed and clarity of thought was 5 and these both returned to baseline values by 120 minutes. Complaints of headache rose slightly to 12% of patients at 30 minutes and 18% of patients at 120 minutes. 20 The mean value for pain at baseline was 2 (zero being no pain). Thirty minutes postoperatively this rose to 5.6 and was 5 at 120 minutes. Despite the mean increase in pain rating in the sample, only 30% of the patients were administered analgesia. Nine per cent of patients indicated in additional comments that pain was the worst aspect of undergoing surgery, reinforcing the importance of analgesia in the postoperative period. 20 Patient perception of mobility was not reported; however, less than 10% of patients experienced dizziness. The researchers reported that appetite peaked 60 minutes postoperatively and thirst peaked 30 minutes postoperatively. Nausea and vomiting peaked at 90 minutes postoperatively; however the relationship between this and oral intake (or analgesia administration) was not investigated and oral intake was not reported. The researchers reported higher values preoperatively for the variables assessing "educational factors" (excitability, feeling troubled and happiness), with significant decrease immediately following surgery as patients experienced relief that the event was completed, however the actual values were not reported. 20 The researchers proposed criteria to be met prior to discharge from day surgery based on the study results and a literature review. 20 They suggested essential criteria were mental state (alert and responsive), mobility (mobility consistent with pre-operative level and type of surgery, lack of dizziness), pain (analgesia provided), oral intake (retaining oral fluids), information provision, and social (support). They proposed that it is also desirable for the patient to have voided, have minimal pain, be clear-headed without headache and be eating and drinking without nausea or vomiting prior to discharge. 20 The researchers did not investigate use of these criteria in the PACU setting or practical methods by which the criteria could be assessed.
A 2002 observational study 21 conducted in a US endoscopy suite investigated one variable, the use of psychomotor tests, in the PACU to assess recovery from sedation. Thirty-one adult participants (n=31) undergoing endoscopy under sedation with analgesia that had a normal functional status at baseline, no significant cardiopulmonary or neurological impairment and were not blind were included in the study. Recruitment methods were not reported. The mean age of the sample group was 43 years, with reported co-morbidities including anxiety, depression, diabetes, hypothyroidism and cerebrovascular accident. The mean procedural time was 10 minutes (maximum 30 minutes) and mean duration since last medication dose prior to admission to PACU was 16 minutes.
21
Patients were administered four validated psychomotor tests; the Manual Dexterity Test (MDT, a timed task to assess fine motor skills), Letter Cancellation Test (LCT, to assess concentration and perception) Multi-choice Reaction Time Test (MRTT, assesses complex reaction time) and the Critical Tracking Test (assesses complex psychomotor coordination using a computer program). The psychomotor tests were administered prior to the procedure and from admission to the PACU at 15 minute intervals until the patient"s discharge from the PACU. In the PACU patients were also assessed for discharge readiness by nursing staff, independent of the study. The facility"s discharge policy required patients to meet modified Aldrete criteria, be able to ambulate independently and maintain a simple conversation. The mean time to discharge was 26 minutes (maximum 45 minutes).
The researchers investigated the level of recovery on psychomotor tests at two time points: the time of meeting the modified Aldrete discharge criteria and at the time of PACU discharge. Ninety-seven per cent of patients met the modified Aldrete discharge criteria on arrival in the PACU. Mean recovery on the MDT was 61.0% ± 0.3% (95% CI 55.8 to 66.3%, p<0.0001 compared to baseline) and on the LCT mean recovery was 64.4% ± 0.3% (95% CI 58.1 to 70.7%, p<0.0001). For the MRTT mean recovery, when the modified Aldrete discharge criteria was reached, was 62.7% ± 0.3% (95% CI 56.4 to 69.0%, p<0.0001) and for the CTT the group achieved a mean recovery of 70.0% ± 0.3% (95% CI 64.6 to 75.4%, p<0.0001).
Although almost all patients met the modified Aldrete criteria for discharge on admission to PACU (see Appendix X), psychomotor testing showed significant impairment at the same time frame. By the time of discharge from the PACU participants had achieved greater psychomotor recovery; however impairment remained significant (p<0.0001 for all tests) compared to baseline, ranging between 82% and 92% across the four tests.
This study 21 highlighted that the modified Aldrete score was unable to identify significant psychomotor impairment. The researchers 21 discussed the development of the Aldrete score as a tool to assess safe discharge to a monitored care ward as opposed to discharge home directly from the PACU following sedation. The authors questioned the appropriateness of the use of the tool for patients being discharged directly to home. The addition of criteria relating to ambulation and conversation, to the discharge criteria, allowed for an increase in psychomotor recovery at the time of discharge. The researchers reported the LCT to be a simply administered tool that could be added to an assessment of discharge readiness following sedation with the possibility of increasing patient safety. 21 However, no appropriate level of psychomotor recovery was proposed to guide the use of the test.
A 2008 observational study set in Wales 25 focused on one variable, the incidence of postoperative urinary retention (POUR), defined as a bladder volume of at least 500 mL and inability to void for at least 30 minutes, in the PACU. The study included 112 adults receiving surgery under spinal anaesthetic in a US military PACU. Records for all patients admitted during the pre-determined audit period were reviewed to identify patients who experienced POUR, predictors of POUR and the relationship between POUR and length of stay in the PACU. The patients were predominantly male, with a mean age of 47 years, mean anaesthetic time of 121 minutes and mean intraoperative fluids of 1143 ml.
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During recovery in the PACU, 44% of the participants experienced POUR, defined as a bladder volume of at least 500ml and inability to void for at least 30 minutes. The only predicting factor for POUR was a bladder volume of at least 500ml on admission to the PACU. Patient characteristics including age, gender, type or duration of surgery and amount of intra-operative fluids administered were not significantly (p=ns) associated with experiencing POUR. Although patients with POUR were not found to have a significant increase in time spent in PACU compared to patients not experiencing POUR, the study was insufficiently powered to measure this outcome.
The authors suggested that POUR was a frequently occurring adverse event for patients undergoing spinal anaesthetic that should be addressed prior to discharge from the PACU in order to promote patient comfort. However, the study did not investigate assessment of POUR as a discharge criteria in the PACU, its effectiveness in reducing PACU length of stay or any associated adverse events.
These studies provide some evidence on the effectiveness and feasibility of specific variables that could be included on PACU discharge checklists; however the validity and reliability of the variables explored (psychomotor testing, urine output) in determining readiness for discharge requires further investigation.
Discussion
The aim of this review was to determine the essential components of an effective scoring system to assess patients following anaesthesia and surgery, thereby enhancing patient safety through timely and appropriate discharge from the PACU. The review sought to identify the essential components of an effective scoring system to assess patients following surgery and anaesthesia. Five studies investigated the use of differing PACU discharge assessment tools and three studies considered the relevance of specific variables in determining patient readiness for discharge. The most common variables were pain, conscious state, vital signs and nausea and vomiting.
Variables assessed for PACU discharge readiness
Pain
In observing patient recovery following surgery, Stephenson 20 reported mean pain levels of 5 on a 10-point Likert scale at 30 minutes postoperatively, rising to 5.6 at 120 minutes postoperatively. In the study 20 patients reported pain to be the most distressing aspect of the surgical experience, suggesting this variable is meaningful to patients.
Four specific tools 19, [22] [23] [24] were used to assess discharge readiness included a pain assessment. Three of the tools 22-24 using a discharge scoring system defined criteria for pain on 3-or 4-point scales using descriptors such as "light", 24 "minimal", 23 "moderate" [22] [23] [24] and "severe". [22] [23] [24] One of the tools 23 combined assessment of pain with nausea and vomiting, with the descriptor referring to requiring, or having required, intervention to manage symptoms. Brown et al."s 19 tool, which described specific criteria to be met before discharge referred to a score of no more than 4 on a 10-point Likert scale. This definition may seem unrealistic criteria for many patients in the PACU; however, Stephenson 20 also noted that only 30% of patients received analgesia. Waddle et al. 7 did not describe a specific tool by which discharge readiness was assessed, but did report pain above 6 points on a 10-point scale as indicating the patient was not medically ready for PACU discharge.
Nausea and vomiting
Nausea and vomiting were variables included in five discharge assessments. 7, 19, [22] [23] [24] On two discharge tools this variable was scored according to definitions describing nausea and vomiting as light/minimal, moderate or severe. 23, 24 Song et al. 22 used the descriptors none/mild, transient, or persistent, to classify the patient"s nausea and vomiting. Waddle et al. 7 reported that emesis was an indicator that the patient was not fit for PACU discharge but did not report definitions or qualifiers for an assessment and Brown et al."s 19 criteria for discharge required no intractable nausea and vomiting.
Despite nausea and vomiting being one of the most common assessment variables for PACU discharge, Stephenson et al. 20 noted nausea and vomiting peaked at 90 minutes following surgery, suggesting that this variable may not become significant to the patient until after PACU discharge.
Vital signs
Five PACU discharge assessments 7, 19, [22] [23] [24] included various combinations of vital signs, with large variation between the assessments as to values that constitute readiness for discharge. One assessment tool was non-specific, with a single 3-point scale simply requiring "vital signs" to be at least within 40% of preoperative values. 23 Song et al 22 also used a 3-point scoring system, requiring blood pressure to be at least within 30% of the preoperative measurement and respiration stability assessed according to rate and cough reflex. The tool proposed by Gartner et al"s 24 included respiration rate, systolic blood pressure and heart rate, each with a 4-point scoring scale with defined objective values for each variable that were non-dependent on baseline measures. Brown et al. 19 also
used defined values for respiration rate, pulse and blood pressure; however this tool included a range of the preoperative measure (10% for pulse and respirations, 20% for saturation criteria were related to the most discharge delays. Twenty per cent of patients in the study required supplemental oxygen for at least 60 minutes. 24 The researchers 24 proposed that the need to meet oxygen saturation criteria may needlessly increase PACU stays and that discharge with oxygen via nasal prongs may be an appropriate concession.
Cognitive variables
Conscious state was included in five of the assessments of PACU discharge readiness reported decreased level of consciousness as a reason to retain a patient in PACU, but did not provide any defining criteria.
Psychometric testing was the subject of one study. 21 The researchers found that none of the participants had fully recovered their cognitive status as assessed on the validated psychometric tests by the time of discharge from PACU. However, the mean performance on all of the tests was in the range of 82% to 92% of preoperative ability at discharge, indicating that psychomotor performance generally recovers promptly following sedation. 21 Similar findings were reported in Stephenson"s observational study 20 in which patients subjectively rated their clarity and speed of thought at 5 on a 10-point Likert scale 30 minutes after surgery and ratings had returned to baseline by 120 minutes following surgery. 20 The inclusion of such tests on routine PACU discharge criteria was not investigated in either study, 20, 21 and may not warrant the additional time and resources. However the importance of promoting patient safety following day surgery with appropriate discharge education (e.g. avoiding driving, having a support person) was highlighted.
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Urinary output
Urinary output was considered in three discharge assessments. 7, 19, 23 Assessment of urinary output and oral intake, requiring the patient to have voided and /or had oral fluids before being ready for discharge was included by Chung et al. 23 Brown et al. 19 included a criteria requiring clear and adequate urine output where the patient had a catheter in-situ while oliguria was reported as a condition preventing discharge. 7 The incidence of POUR was the focus of Feliciano et al"s 25 retrospective study. The incidence of POUR was reported to be 44% and a bladder volume over 500 mL on admission to PACU was the only identified predictive factor of potential POUR. The researchers proposed that assessment of bladder volume using ultrasonic bladder scanning on admission to PACU and performing intermittent catheterisation may relieve patient discomfort and enable faster PACU discharge. 25 However, the benefits of such a strategy were not investigated and the influence on PACU discharge time is questionable given the lack of standard urinary output assessment on discharge criteria tools in use in PACUs.
Determining overall readiness for PACU discharge
Of the five studies using a discharge assessment tool, three 22-24 implemented a scoring system to give an overall indication of PACU discharge readiness. The three scoring systems required a score on a 3-or 4-level scale to be assigned to each variable assessed and a cut-off point for the overall score was used to establish if the patient could be discharged. The scoring systems required the patient to achieve full recovery on the majority of variables prior to discharge, allowing for partial recovery on only one or two assessment criteria. These systems appeared more flexible than the 10-item tool implemented by Brown et al., 19 which provided a single description of the criteria for each variable, each of which must be met before discharge. Waddle et al."s 7 assessment was not described sufficiently to determine how the overall readiness for discharge was made.
Despite appearing less flexible, the mean time following day surgery to meet the discharge criteria used by Brown et al. 19 was 66.3 ± 30 minutes. This compared with a mean 125 minutes for long procedure day surgery patients to meet the discharge criteria defined on the 5-item tool used by Chung et al. 23 and a mean of 40 ± 46 minutes before discharge using Gartner et al."s 24 7-item assessment tool. Ninety-seven per cent of patients in Song et al."s 22 study were able to meet the discharge criteria on the 7-item tool before leaving theatre, allowing them to be fast-tracked and bypass PACU.
Patient safety considerations
Two studies 19, 22 investigated the rate of complications in patients discharged using assessment tools. In the RCT conducted by Song et al., 22 patients assessed using a fasttrack scoring system reported no significant increase in pain or nausea in the immediate postoperative period or over the 24-hour period at home compared to those who received additional discharge assessments. 22 Nursing staff in receiving wards reported a significant decrease in patients arriving on the ward with unstable vital signs after assessment using discharge criteria, compared to patients discharged from PACU at the direction of the anaesthetists. However, there was an increase in anxiety of patient"s discharged using the tool, perhaps due to lack of a final medical review before leaving the PACU.
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Conclusion
There was agreement amongst the studies included in this review that PACU discharge assessment includes assessment of pain, conscious state, and nausea and vomiting. Although vital signs were included in all the discharge assessments, there was variation in the specific vitals included on tools, with blood pressure being the only vital sign adopted in every assessment. The only tool that appeared to have any form of validation, the DASAIM discharge tool, 24 included assessment of blood pressure, pulse, respirations and oxygen saturation. The value of including urine output, oral intake or psychomotor testing was doubtful and requires further investigation.
Limitations
The findings of this review were limited as only studies reported in English were included. This may have resulted in the exclusion of studies that were relevant and thus important for this review. As the literature search was limited to studies published between 1970 and 2010, there could have been studies earlier than 1970 that were of relevance to this review, however this is considered unlikely as it was during the 1970s that discharge scores were first introduced to determine discharge from the PACU environment. Qualitative studies were excluded from the review and these studies may have been able to contribute to the feasibility aspects of using/applying the scoring criteria.
Implications for practice
Based on the evidence analysed in this systematic review, the following recommendations are considered important for the assessment of adult patient readiness for discharge from the PACU environment. Levels of evidence have been assigned to each recommendation according to the JBI levels of evidence (Appendix XI):
 Assessment of pain, conscious state, blood pressure and nausea and vomiting should be made before discharging a patient from PACU (JBI Level 2 evidence)
 Assessment of other vital signs should be considered before discharging a patient from PACU (JBI Level 2 evidence)
This evidence synthesis will be used to inform the development of a draft tool for assessing the readiness of adults for discharge from the PACU.
Implications for research
This review found a paucity of studies investigating PACU discharge assessment and the studies meeting inclusion criteria were generally at high risk of bias. There is a need for greater consensus with regard to the criteria to be assessed and the appropriate values of those criteria before patient discharge from the PACU.
Further research is required using sound methodologies that investigate:
 the validity and reliability of assessment variables on PACU discharge tools (JBI Level 2 evidence);  the implementation of validated PACU discharge criteria for assessment of patient readiness for discharge (JBI Level 2 evidence) and  the relationship between PACU discharge assessment and patient safety (JBI Level 2 evidence). 
